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ABSTRACT
Hundreds of harbor porpoise die each year as bycatch in the Gulf of
Maine's sink gillnet fishery. In recent years, concern has arisen whether the
Gulf of Maine population of harbor porpoise can sustain this level of bycatch.
It is believed that the population may have declined, or is declining as a result
of the incidental mortalities. This paper reviews what is known about Gulf of
Maine harbor porpoise demographics and how that information is
incorporated into the management of the porpoise/fishery interaction.
Included in this paper is a new study on the trend of relative abundance of
harbor porpoise off mid-coast Maine 1982 - 1990. Sighting data from a
commercial whalewatch was used to determine changes in the relative
abundance of harbor porpoise over the time period. Relative abundance was
calculated as the number of harbor porpoise sighted per nautical mile. Mean
annual sighting rates south of Mount Desert Island, Maine increased from a
low of 0.17 porpoise per nautical mile in 1984 to a high of 0.54 porpoise per
nautical mile in 1990, the last year of this survey. In 1982. the first year of the
survey, the mean was 0.30. The increasing trend may represent a
redistribution of animals into the study area rather than a large-scale
population phenomena. Harbor porpoise distribution may be related to
environmental factors such as the density of prey species. To investigate this
possibility, I compared the relative density of Atlantic herring, which
increased during the survey period, to the relative abundance of harbor
porpoise. Herring data was collected within a 30 mile radius of my study area.
A positive correlation was found (r = .96). This positive correlation indicates
that the increase in the relative abundance of harbor porpoise may be related
to the increase in herring, the porpoise's favorite prey in this region.
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CHAPTER 1
INTRODUCTION
Harbor porpoise are subject to incidental mortality in commercial
fisheries because of their coastal distribtion and diet of commercial fish
species. Harbor porpoise populations have declined in many areas of their
range and the reason is often attributed to bycatch in commercial fisheries
(Gaskin 1992). Hundreds of harbor porpoise die each year as incidental catch
in the Gulf of Maine sink gillnet fishery. It has become the largest cetacean
bycatch in the United States' commercial fisheries (Marine Mammal
Commission 1996). Concern has arisen whether the future of the Gulf of
Maine's population of harbor porpoise is jeopardized by the annual loss of
animals (Polacheck 1989; Read 1994).
What is the status of the Gulf of Maine harbor porpoise population? Can
the harbor porpoise population sustain the high level of bycatch? Has the
population declined, or is it declining?
The objectives of this paper are (1) to survey what is known about Gulf
of Maine harbor porpoise population demographics and how that information
is incorporated into the management of the porpoise/fishery interaction; and
(2) contribute to this body of knowledge by investigating the trend in relative
abundance of harbor porpoise off mid-coast Maine during the 1980's.
Chapter Two will review the current information regarding the status
and trends of the Gulf of Maine population of harbor porpoise. The limited
data available on trends in harbor porpoise population abundance do not
conclusively show a decline (Gaskin and Watson 1985; Read and Gaskin 1988;
Berggren et al. 1993). Reasons for this may be changes in environmental
factors that affect harbor porpoise abundance and distribution, such as water
temperature and prey density (Read and Gaskin 1990; Gaskin 1992; Palka
1995b). Chapter Two will also review the harbor porpoise/sink gillnet fishery
interaction and its management. As mandated by the M~e Mammal
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Protection Act, the National Marine Fisheries Service is to determine if the
population is jeopardized, and if so, to implement methods of reducing the
bycatch. The National Marine Fisheries Service has begun that process. The
economic and social aspects of the sink gillnet fishery will not be covered in
this paper.
Currently, the best available data indicates that the fishery is removing
approximately 4.5% of the harbor porpoise population annually, and that the
harbor porpoise population growth rate may be lower than 4.5% (Woodley
1995; Marine Mammal Commission 1996). A decline in the population would
result. Based on this information the National Marine Fisheries Service has
planned take-reduction regulations for the sink gillnet fishery.
Chapter Three contains a new study on the trend of relative abundance
of harbor porpoise sighted off Mount Desert Island, Maine 1982 - 1990. The
study found an increasing trend over the time period. This trend positively
correlated with the relative abundance of Atlantic herring, a harbor porpoise
prey species. Chapter Four offers concluding comments.
z
CHAPTER 2
STATUS OF THE GULF OF MAINE HARBOR PORPOISE POPULATION
Harbor Porpoise Biology
Harbor porpoise (Phocoena phocoena) belong to the taxonomic family
Phocoenidae, differentiated from dolphins which belong to the family
Delphinidae. The publications of D. E. Gaskin (1984,1992) summarize what is
known about this species.
The harbor porpoise is one of the world's smallest cetaceans. The
average adult is five feet long and weighs 110 pounds. Adult females are
larger than their male counterparts. Harbor porpoise are stocky in shape ,
with a bluntly pointed head that lacks a delineated beak. Their teeth are
spade-shaped, in contrast to the pointed teeth of the Delphinidae. The species
exhibits a subdued coloration: the dorsal surface is dark gray, fading to a light
gray on the ventral side. A muted mouth to flipper stripe is dark gray. The
dorsal fin is small and triangular.
Females mature sexually at an age of three to five years. Ovulation and
conception occur in the summer. Most harbor porpoise births take place in
the late spring, following an eleven month gestation. Calves nurse for about
nine months. Adult females bear a single calf everyone or two years; in the
Gulf of Maine they give birth annually. Maximum longevity is thought to be
thirteen years. Harbor porpoise are usually seen in small groups of ten or
fewer. Favorite prey species are schooling fish such as herring and mackerel
and demersal species like hake and pollock.
Harbor porpoise are found in the temperate and sub-arctic waters of the
northern hemisphere. They inhabit coastal areas and offshore shallow banks.
Relatively distinct populations are found along the coasts of North America
(east and west), Asia, Europe, and northwest Africa. Seasonal migratory
patterns are evident, but not fully comprehended.
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Northwest Atlantic Population Structure
Gaskin (1992) theorized that the northwest Atlantic population of
harbor porpoise is comprised of three sub-populations: the Gulf of Maine/Bay
of Fundy, Gulf of St. Lawrence, and eastern Newfoundland/western Greenland.
Porpoise in the Gulf of Maine and the Bay of Fundy are considered the same
substock. Presently, there is not enough evidence to accept or refute the three
sub-stock theory (Palka 1994; Marine Mammal Commission 1995). However, it
is generally agreed that porpoise found in the Gulf of Maine and the Bay of
Fundy represent the same stock (Smith, Palka, and Bisack 1993; Read and Hohn
1995).
Gaskin's theory is based on observations of increased abundance of
porpoise in these regions during the summer months (Gaskin and Watson 1985;
Read and Gaskin 1988). If the porpoise migrate into these three areas during
the early summer, it is believed that they are reproductively isolated since
females conceive in the summer. Little is known about the winter distribution
of harbor porpoise. It is possible that there is a mixing of these three
subpopulations during the winter months in offshore waters.
Gulf of Maine Distribution and Abundance
Harbor porpoise are seasonally abundant in the Gulf of Maine and Bay
of Fundy. It is believed that porpoise migrate into the region in early summer,
concentrating in the northern Gulf of Maine/southern Bay of Fundy during
July, August and September (Polacheck 1989; Gaskin 1992; Read et al. 1993).
Although no specific migratory routes have been documented, indirect
evidence suggests a seasonal north/south movement (Gaskin 1992; Read 1994).
Gaskin (1992) and the National Marine Fisheries Service (NEFSC 1992) report
harbor porpoise sightings in Cape Cod Bay, Massachusetts Bay, and off the New
Hampshire coast during late Fall (October - December) and Spring (April -
June). During the summer months when porpoise are abundant further
north, they are infrequently sighted in these southern areas. During the Fall
and Spring, harbor porpoise are also known to be present as far south along
the United States east coast as North Carolina, although not in the
concentrations observed in the Gulf of Maine (Palka 1996). Although
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circumstantial, the evidence suggests the seasonal movement of a single
population. The winter distribution of harbor porpoise is generally not
known. Harbor porpoise move out of the Gulf of Maine/Bay of Fundy during
the winter months and possibly they move offshore during this time (Gaskin
1992).
The current best estimate of abundance for the Gulf of Maine population
of harbor porpoise comes from the National Marine Fisheries Service (NMFS).
Its averaged estimate is 47,200 (Smith et al. 1993). This figure was derived from
data collected during the summers of 1991 and 1992 on large-scale sighting
surveys using line transect methodology. The population estimates for the
individual years are 37,500 in 1991 and 67,500 in 1992. A similar survey
conducted in 1995 produced an estimate of 74,000. The reason for the large
difference in estimates between 1991 and 1992 has not been determined. Palka
(1995b) suggested that interannual changes in surface water temperatures
and fish density patterns may lead to interannual changes in harbor porpoise
abundance and distribution.
Prior to the NMFS surveys, five studies estimated the abundance of
harbor porpoise in the Gulf of Maine/Bay of Fundy (Gaskin 1977; Prescott,
Kraus, and Fiorelli 1981; Winn 1982; Kraus, Prescott, and Stone 1983; Gaskin et
al. 1985). The estimates from these surveys are considerably lower than those
by NMFS, ranging from 3,000 to 15,000 porpoise. None of these surveys were
conducted on the scale of the NMFS surveys, however, and the estimates are for
more limited ranges. A more detailed review of these studies follows later in
this chapter.
Possible factors affecting harbor porpoise density and distribution
include oceanographic features and the density of fish and their prey species.
In the Gulf of Maine, the abundance of harbor porpoise is highest when the
sea surface temperature is 10 - 15 degrees C. Palka (1995b) found the greatest
densities of porpoises in water with sea surface temperatures of 10 - 13.5
degrees C. These temperature ranges coincide with the preferred temperature
range of Atlantic herring (Clupea harengus), the primary prey species of
harbor porpoise in this region (Gaskin 1992). The distribution of harbor
porpoise in the southwestern Bay of Fundy has been inversely correlated with
sea surface temperature (Watts and Gaskin 1985). Also, Forney (1995) found
that the relative abundance of harbor porpoise off central California was
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lower in years with warmer sea surface temperatures, and correspondingly
higher in years with lower sea surface temperatures.
Gaskin (1992) observed that harbor porpoise in the Bay of Fundy are
generally found in areas of oceanographic fronts and topographically
generated upwellings. Such areas contain concentrations of zooplankton
(Gaskin 1992), upon which Atlantic herring prey. Smith and Gaskin (1983)
found that the relative abundance of harbor porpoise in the southwestern Bay
of Fundy correlated highly with the density of copepods, the zooplankton
favored by Atlantic herring. Using data collected the Gulf of Maine in 1991
and 1992, Palka (1995b) was able to correctly predict the distribution of harbor
porpoise in 1992 based on the correlation of porpoise and herring densities
from 1991.
Legal Status
Harbor porpoise populations in United States waters are protected and
managed under the Marine Mammal Protection Act of 1972. The marine
Mammal Protection Act (MMPA) prohibits by law the "taking" of marine
mammals, including harbor porpoise. The MMPA defines "take" as to harrass,
hunt, capture, or kill, or to attempt to harrass, hunt, capture, or kill a marine
mammal. Commercial fisheries were initially exempted from the MMPA's
moratorium on taking. Interim exemptions for commercial fisheries
continued through the past two decades until 1994. The 1994 ammendments to
the MMPA established a new system to govern marine mammal/commercial
fisheries interactions (see below). Management of harbor porpoise (and other
cetaceans) is assigned to the National Marine Fisheries Service. The Gulf of
Maine population of harbor porpoise has not been listed as depleted1 under the
MMPA.
A decision to list the Gulf of Maine population of harbor porpoise as
threatened under the Endangered Species Act of 1973 is currently pending.
Species (or populations thereof) listed as threatened under the Endangered
Species Act are those that are considered likely to become endangered in the
1Depleted is defined as any species or stock that is below its Optimum
Sustainable Population (for OSP definition see note 2), or is listed as
endangered or threatened under the Endangered Species Act.
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foreseeable future through all or a significant portion of its range. Once a
species is listed as endangered or threatened, provisions contained in the Act
lead to the development of a population recovery plan for the designated
species.
In 1991, the Sierra Club Legal Defense Fund petitioned the National
Marine Fisheries Service to list the Gulf of Maine population as threatened.
The reasoning behind the petition was the large bycatch of harbor porpoise in
the region's gillnet fishery, concern for the impact of the bycatch on the
population, and (at that time) the lack of any management action to reduce the
take. In January 1993, NMFS officially proposed that the population be listed as
threatened. NMFS based its proposal upon the understanding that at least 2000
porpoise died in the fishery annually, the minimum bycatch was
approximately 4.5 % of the porpoise population, the bycatch was probably
exceeding sustainable levels, and regulations necessary to reduce the bycatch
were nonexistent (Marine Mammal Commission 1995). During 1993 and 1994,
the public comment period on the proposal continued to be extended as new
information became available and management actions were proposed. Still,
through the first half of 1996, there has been no decision by NMFS with regard
to the listing.
In 1990, the Committee on the Status of Endangered Wildlife in Canada
designated the northwest Atlantic population of harbor porpoise as
threatened. This designation is similar to the threatened listing under the
Endangered Species Act, except that no additional legal protection is given in
Canada with this designation (Woodley 1995).
Harbor Porpoise Bycatch in the Sink Gillnet Fishery
Harbor porpoise are vulnerable to fishing gear because of their coastal
distribution, their small size, and their diet of commercial fish species. The
incidental take of harbor porpoise in groundfish gilInets, drift gilInets, and
weirs has been reported in many areas of the porpoise's world range (Gaskin
1992). In the Gulf of Maine and Bay of Fundy, by far the largest incidental
take of harbor porpoise occurs in the region's groundfish sink gillnet fishery
(Polacheck 1989; Read et al. 1993). In recent years, this has become the largest
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cetacean bycatch in the United States' commercial fisheries (Marine Mammal
Commission 1996).
Sink gillnets are used by Gulf of Maine fishermen targeting groundfish
such as cod, pollock, haddock, and in recent years , dogfish. Gillnets are
constructed of fine nylon monofilament. The net's mesh size is such that fish
swimming forward into the net are caught at their widest circumference and
upon backing out are caught by their gills on the mesh. The nets hang
vertically in the water. The net bottom is anchored on the seafloor, while the
net top is bouyed by floats. Gillnetters set "strings" of net panels, each panel
about 15 feet high and 300 feet long. A string may contain up to 20 panels.
Typically, gillnet fishermen set their strings one day and retreive them the
next. Strings may be left to soak for several days because of weather, or, if a
fisherman has numerous sets of strings and tends them on alternate days. The
fishery operates yearound, but primarily during April through November
(Read 1994).
Harbor porpoise swim into the nets accidentally, become entangled and
drown. The fine monofilament may be undetectable to porpoises visually or
acoustically (Gaskin 1984). Certainly, porpoise may be attracted to the nets by
the presence of fish. All members of the porpoise population seem susceptible;
Read and Hohn (1995) found no harbor porpoise age or sex class particularly
subject to entanglement. Evidence suggests that porpoise are caught when the
nets are being set or are on the bottom (Read 1994). How porpoise are caught
is not yet fully understood.
Over the past 20 years, the Gulf of Maine sink gillnet fishery has grown,
following the development of the synthetic monofilment nets (Lazar 1993;
Read 1994). By the early 1980's, concern had arisen over the incidental take of
harbor porpoise by the fishery (Gaskin 1984; Gaskin and Watson 1985;
Polacheck 1989). Initial rough estimates of annual incidental take numbered
from 300 - 600 (Prescott and Fiorelli 1980; Gilbert and Wynne 1987).
Then, in accordance with the 1988 amendments to the Marine Mammal
Protection Act, NMFS established an observer program to monitor the
incidental take of marine mammals in the Gulf of Maine gillnet fishery . This
program improved the data on the number of porpoise taken by the fishery.
Observers were placed on gillnet vessels beginning in 1990. Data collected by
the observers yielded bycatch estimates of 2900 porpoises taken in 1990; 2000
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in 1991; 1200 in 1992; 1400 in 1993; and 2000 in 1994 (Marine Mammal
Commission 1996; D. Palka pers. comm.).
Additionally, harbor porpoise are incidentally taken by a seasonal
gillnet fishery in the Bay of Fundy. For the years 1986 to 1989, Canadian
researchers estimated the incidental take to range from 80 to 129 porpoises per
year (Woodley 1995). Concerned about the level of take, the Canadian
Department of Fisheries and Oceans instituted an observer program in 1993
and 1994. Bycatch estimates derived from the observer data were 424 porpoises
in 1993 and 101 in 1994 (Marine Mammal Commission 1996).
Fisheries south of Cape Cod and along the mid-Atlantic states may also be
impacting this population of harbor porpoise, although to what extent is not
known at this time (Marine Mammal Commission 1996). Incidental take of
harbor porpoise in mid-Atlantic gillnet fisheries has been documented, along
with strandings of porpoises during the Spring months when the fishery is in
operation (Palka 1994). The National Marine Fisheries Service is investigating
these fisheries further.
The level of incidental mortality may be too high for the Gulf of Maine
population of harbor porpoise to sustain. Rough calculations using NMFS'
population estimate yield take levels of 3% - 6% of the population annually.
Woodley (1995) places the figure more precisely between 2.7% to 5% of the
population per year. These numbers are close to the best estimates of harbor
porpoise population growth rates. The actual rate of harbor porpoise
population growth is not known; estimates have been based on models.
Woodley and Read (1991) figured a 4% annual increase rate, while Barlow and
Boveng (1991) came up with 9%. Caswell et al. (1995) calculated a spread of
potential rates of increase, the median rate being 4%. Woodley and Read (1991)
noted that the harbor porpoise's relatively short life span makes it unlikely
that this species would have a population growth rate higher than that of
other cetaceans. The population growth rates of other cetaceans range from
3% to 8% (Read et al. 1993). These figures, although imprecise, demonstrate
the possibility that the annual level of porpoise bycatch is surpassing that of
the porpoise population'S rate of increase. Even a margin of a few percent
would cause a slow decline in the population.
Harbor porpoise mortalities in the fishery greatly exceed the
population's recently determined Potential Biological Removal (PBR). The 1994
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amendments to the Marine Mammal Protection Act define PBR as the maximum
number of animals, not including natural mortality, that can be removed from
the stock while allowing the stock to reach or remain at its Optimum
Sustainable Population-. Under the amendments, a PBR is to be quantified for
every marine mammal stock in United States waters. In accordance with the
Act, fisheries are to be managed to keep marine mammal bycatch to PBR levels.
A PBR is calculated as the product of minimum population size, one-half the
maximum productivity rate, and a recovery factor for an endangered,
threatened, or depleted stock. The National Marine Fisheries Service
determined the PBR for the Gulf of Maine harbor porpoise population to be 403
porpoises annually. This figure is based on a minimum population size of
40,297, one-half the maximum productivity rate as 2%, and a recovery factor of
50%.
Take Reduction Measures
Increasing awareness of the high level of bycatch in the 1980's
prompted NMFS to further investigate the harbor porpoise population and
possible means of reducing the number of incidental mortalities. In 1991 and
1992, NMFS conducted population surveys to estimate stock size (see above).
Also in 1992, NMFS asked the New England Fishery Management Council to
amend its fishery management plan for groundfish to include measures that
would reduce the level of harbor porpoise bycatch.
In 1993, the Council issued a proposal to add a harbor porpoise take-
reduction goal to the groundfish fishery management plan. The goal was to
reduce porpoise bycatch by 20% per year over a five-year period. Using stock
size estimates and observer bycatch data from NMFS, the Council quantified the
reductions for years two, three, and four as 1040,780, and 520 porpoises,
respectively. The Council proposed time-area closures as a means of reaching
the take-reduction goal. NMFS formally adopted the Council's proposed time-
area closures as management regulations in May 1994.
20ptimum Sustainable Population is defined as the number of animals which
will result in the maximum productivity of the population of the species,
keeping in mind the carrying capacity of the habitat and health of the
ecosystem of which they form a constituent element.
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Unfortunately, the take-reduction measures were not successful during
the first year of their implementation (1994). The Marine Mammal
Commission and conservationists were critical of the take-reduction plan, in
particular observing that some areas of high bycatch were excluded from area
closure boundaries, and that time closures did not completely encompass high
bycatch times. In fact, the level of bycatch increased from 1400 porpoises
taken in 1993 to 2000 in 1994 (D. Palka, pers. comm.). The Council took no
action to strengthen take-reduction measures for year two.
During this time, the question of how to manage marine
mammal/fishery conflicts such as this one was being addressed at the federal
level. Marine mammal/commercial fishery interactions were dealt with
specifically in the 1994 amendments to the Marine Mammal Protection Act.
The amendments set up a new regime to govern such interactions, including
management provisions aimed at reducing unacceptably high levels of
incidental mortalities. The amended Act requires a stock assessment for each
marine mammal stock in United States waters, to be used as a scientific basis
for management. For cetaceans such as harbor porpoise, the National Marine
Fisheries Service is to prepare the assessment. Stock assessments are to
include defined numbers of population abundance, minimum abundance, net
productivity, and Potential Biological Removal. Stock assessments also require
the determination of "strategic" stocks: those stocks that have a level of direct
human-caused mortality exceeding the PBR; are designated as depleted under
the Marine Mammal Protection Act; are listed or are to be listed in the near
future as endangered or threatened under the Endangered Species Act.
Strategic stocks require the preparation of take reduction plans by the
assigned management agency (National Marine Fisheries Service or
Department of Fish and Wildlife).
The National Marine Fisheries Service issued a final stock assessment
for the Gulf of Maine population of harbor porpoise in August 1995. The
figures inlcuded a best estimate for population abundance of 47,200; minimum
abundance of 40,297; net productivity level of 4%; and a PBR of 403 porpoises
per year. The population was designated a strategic stock.
In early 1996, the National Marine Fisheries Service convened a 25
member take-reduction team, including scientists, gillnetters,
conservationists, New England Fishery Management Council members, and
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federal government representatives. The team met four times, once a month
February through May. The meetings were facilitated by a professional
mediator. A plan was agreed to at the May meeting that combines the use of
time-area closures and acoustic alarms known as pingers. Pingers are a
promising development in the search for ways to reduce harbor porpoise
bycatch, Field tests show that gillnets with attached pingers have
significantly fewer harbor porpoise takes than nets without (Woodley 1995).
The take-reduction plan also included adaptive management measures; the
team is to reconvene every six months to assess the plan's successfulness.
This new take-reduction must now be reviewed and approved by the
New England Fishery Management Council. Follwing the Council, the plan will
be submitted to the regional director of the National Marine Fisheries Service
for his approval as well. After passing these steps, the plan should be
implemented by early 1997.
Is the Harbor Porpoise Population Declining?
The current status of the Gulf of Maine population of harbor porpoise
would be better understood if it were known whether the population has
experienced a decline in abundance during the past 20 - 25 years. There is
concern that the population has already been reduced as a result of the
incidental mortality in the gillnet fishery (Gaskin and Watson 1985; Read and
Gaskin 1990; Woodley 1995). Unfortunately, comparisons between abundance
estimates (Gaskin 1977; Prescott et al, 1981; Winn 1982; Kraus et al. 1983; Gaskin
et al. 1985; Smith et al, 1993) cannot be made due to differences in methodology
and size of survey area.
Four studies used historical data to examine the possibility of a decline.
Read and Gaskin (1990) reported changes in harbor porpoise life history
parameters. Gaskin and Watson (1985), Read and Gaskin (1988), and Berggren
et al. (1993) evaluated trends in relative abundance over time. Data for all
studies were collected in the Bay of Fundy (Figure 1).
Read and Gaskin (1990) compared the growth and reproduction of
harbor porpoise collected from two sample periods: 1969 - 1973 and 1985 - 1988.
They found that the mean length of calves had increased in the 1980's sample
over the mean length in the 1970's sample. Also, adult females in the later
12
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Figure 1. Southwestern Bay of Fundy. The study sites of Gaskin and Watson
(1985), Read and Gaskin (1988,1990), and Berggren et al. (1993) are located
here.
13
sample had become sexually mature at a younger age and shorter length. Such
changes may reflect a population under stress, as the reproductive response of
a population trying to compensate for declining numbers. Or, it may indicate a
population responding to an increase in the availability of prey. Herring
populations increased during this time due to reduced fishing pressure
(Anonymous 1991; Read and Hohn 1995). Consequently, this study does not
conclusively indicate a population experiencing a decline.
There is limited information regarding trends in abundance of harbor
porpoise over the past two decades. The papers of Gaskin and Watson (1985),
Read and Gaskin (1988), and Berggren et al. (1993) represent what information
is available to date. All three of these studies are based on harbor porpoise
sightings collected from an area roughly 50 mile? in size, located in the
southwestern portion of the Bay of Fundy near Deer, Campobello, and Grand
Manan Islands. The fine scale of these studies does not allow for extrapolation
to the entire Gulf of Maine harbor porpoise stock. However, these studies do
provide an interesting look at trends in abundance in a local area known for
its density of both harbor porpoise and gillnets. In the future , this
information may contribute to a better understanding of the abundance and
distribution of the entire Gulf of Maine harbor porpoise stock.
Gaskin and Watson (1985) conducted their research in a five mile-'
inshore area near Deer Island. They reported a decline in relative abundance
of harbor porpoise from 1970 to 1978. Although the authors speculated that
the decline might be the result of incidental take in the local sink gillnet
fishery, they also suggested that the porpoise's distribution may have changed
in relation to environmental factors. The decline in abundance may reflect a
movement of porpoise out of the area in response to environmental changes,
and not represent a decline in actual abundance.
In 1986, Read and Gaskin conducted a study on the sink gillnet fishery
of the southwestern Bay of Fundy and the associated incidental catch of harbor
porpoise (Read and Gaskin 1988). As part of this study, they assessed the
relative abundance of harbor porpoise in their study area from 1981 - 1986.
The data used were harbor porpoise sightings collected from a 19-mile ferry
crossing between Grand Manan Island and mainland New Brunswick. Read
and Gaskin found no significant difference between years in the number of
porpoise sighted, and no relative trend was apparent.
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Berggren et al. (1993) added five more years of observations to the ferry
database used by Read and Gaskin (1988). Over the combined survey years,
1981 - 1991, they found a significant increasing trend in harbor porpoise
sightings. Berggren et al. analyzed two other data sets in their paper. They
found a significant increasing trend of harbor porpoise sightings along a 13-
mile transect between West Quoddy Head, Maine and Grand Manan Island, over
the same 11 year period (1981 - 1991). The third data set, collected from
inshore areas near Deer Island and Grand Manan Island, was used to determine
if a trend in relative abundance existed between sample years 1981 - 82 and
1990 - 91. No consistent trend in sightings was found between the decades.
Given the available information, it can not be inferred that the Gulf of
Maine population of harbor porpoise has declined. It is possible that the
trends shown in these studies result from the biological adaptation and
distribution of porpoise in relation to environmental factors such as prey
availability. Because of the small size of the study areas, the trends in relative
abundance discussed here suggest a population redistribution. The findings of
these fine scale studies are consistent with normal population fluctuations
occuring on larger temporal and spatial scales.
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CHAPTER 3
IS THERE A TREND IN THE RELATIVE ABUNDANCE OF HARBOR
PORPOISE (Phocoena phocoena) SIGHTED IN THE WESTERN WAY OF
FRENCHMAN BAY, MAINE 1982 - 19907
Introduction
During the past 20 years, increasingly high numbers of harbor
porpoise have died each year as bycatch in the Gulf of Maine's sink gillnet
fishery. Concern has arisen whether or not the Gulf of Maine/Bay of Fundy
harbor porpoise population can sustain this level of bycatch, along with the
speculation that the population has already suffered a decline (Polacheck 1989;
IWC 1991; Woodley and Read 1991; Gaskin 1992; Read and Hohn 1995). There is
now a keen interest in harbor porpoise demography, and management
decisions regarding the porpoise/gillnet fishery interaction are based upon it.
Prompted by the increase in reported incidental takes of harbor
porpoise, the National Marine Fisheries Service (NMFS) conducted surveys of
harbor porpoise abundance in the Gulf of Maine in 1991, 1992, and again in
1995. The abundance estimates for the three years were 37,500, 67,500, and
74,000, respectively (Smith et al. 1993; Palka 1996). According to Palka (1996),
the 1995 abundance is 51% higher than the 1991 estimate, an increase which is
marginally significant (P = .05). Prior to the NMFS surveys, five studies
estimated the abundance of harbor porpoise in the Gulf of Maine (Gaskin 1977;
Prescott et al. 1981; Winn 1982; Kraus et al. 1983; Gaskin et al. 1985).
Comparisons between these estimates or with the NMFS estimates can not be
made due to differences in methodology and size of survey area.
Gaskin and Watson (1985), and Read and Gaskin (1988), and Berggren et
al. (1993) examined trends in relative abundance of harbor porpoise in the
southwestern Bay of Fundy. All studies were small-scale visual surveys.
Gaskin and Watson reported a decline from 1970 to 1978. Read and Gaskin
found no significant difference in the number of porpoise sighted between
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years 1981 and 1986 and no relative trend was apparent. Berggren et al.'s
study analyzed three data sets. Two sets showed an increasing trend from 1981
- 1991, and one set had no consistent trend
The present study makes use of historical data not previously analyzed
as an opportunity to investigate past trends. Sighting data from a commercial
whalewatch was used to determine the relative abundance of harbor porpoise
over the years 1982 to 1990. The relative abundance of harbor porpoise may be
related to the density of its primary prey, Atlantic herring (Gaskin 1992; Palka
1995b). To examine this possibility, I compared the densities of herring and
harbor porpoise in the study area.
Methods
Field Methods
Data from the years 1982 to 1990 were collected from a commercial
whalewatch vessel that operated seasonally (June - September). Within a
season whalewatch trips left daily, weather permitting, from the Northeast
Harbor, Maine town dock. Trips were usually full-day excursions (eight
hours) with the boat travelling up to 2S miles offshore to view whales. After
departing Northeast Harbor, most trips made a fuel stop at Great Cranberry
Island and then headed out the Western Way of Frenchman Bay (Figure 2).
The vessel then passed by Sister Island (to view an eagle's nest) or the Duck
Islands (to view seals) depending on the route chosen for the day's trip. Half-
day trips, conducted in inclement weather, headed to Little Duck Island to view
seals, and then returned to Northeast Harbor.
. The vessel used for the trip was the M/V Island Queen or the M/V Seal,
wooden passenger boats, 42 and 47 feet in length, respectively. One observer
(and captain) was situated in the wheelhouse at 6 feet above the water; one or
more observers sat atop the wheelhouse at 12 feet above the water. The
observers performed random scans 180 degrees forward of the vessel,
although most visual effort was concentrated on the cruise track. Weather
data (wind speed, sea state, cloud cover, visibility, precipitation) was recorded
at the start of the day's trip and any changes were subsequently noted.
Arrival and departure times at the inshore islands were logged. Time, location,
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Figure 2. Harbor porpoise trackline location. Sighting data were collected
from the start of the trackline in Northeast Harbor south to the Sister Islands
or Duck Islands.
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and group size were recorded for marine mammal sightings. Duplicate
sightings were determined in the field.
Analytical Methods
Data used in the analysis were taken from the first segment of the
whalewatch trips; Northeast Harbor to Sister Island, to Great Duck Island, or to
little Duck Island. This segment was selected because the cruise track varied
daily after the initial part of the trip, and location was not logged unless a
marine mammal was sighted. With a fuel stop at Great Cranberry Island, the
distance from Northeast Harbor to both Sister Island and Great Duck Island was
11.3 miles; to little Duck Island, 8.2 miles. Without a fuel stop those distances
were shortened to 10.5 and 7.4 miles, respectively. Occasionally in later years,
both boats conducted trips on the same day. In order to maintain consistency,
only data from the primary team of naturalists, which had been working all
season, was included in the analysis. Data from the secondary team was not
used.
Because of their small size and low profile, harbor porpoise are
notoriously difficult to spot in the field (Polacheck 1989; Katona, Rough, and
Richardson 1993). Consquently, only days with weather conditions of a
Beaufort 3 or less, and visibility to 500 meters or greater were included in the
analysis.
Most trips were conducted with two or three observers. Over the nine
year period, 159 trips with two observers met the weather criteria, and 156
trips with three observers met the weather criteria. A Kolmogorov-Smirnov
test was used to determine if there was a difference between two and three
observers in the sighting rate of harbor porpoise per nautical mile. No
significant difference was found (P = .14), so data from two and three observer
trips were combined.
Relative abundance was calculated as the number of harbor porpoise
sighted per nautical mile. A linear regression was used to analyze relative
abundance over time. ANOVA of the regression line was used to test for
significance of the trend. Also, the mean number of harbor porpoise sighted
per nautical mile was compared by month. Macintosh Systat 5.2.1 was used for
all calculations.
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Results
A total of 3450 miles were surveyed in good weather during 315
whalewatch trips with two or three observers. In this data set, all four months
of the whalewatch season (June, july, August, September) were represented
over the nine year period, except june 1988 (Table 1). One captain/observer
participated on 282 trips; a second captain/observer participated on 33 trips.
The other observers were the same individuals within a year (a full-time
naturalist and part-time interns). Some observers participated in consecutive
years.
Table 1. Number of Whalewatch Trips Per Month 1982 -1990.
1982 1983 1984 1985 1986 1987 1988 1989 1990
june 2 5 8 5 4 1 0 5 2
july 11 9 12 19 6 8 9 14 9
August 12 17 12 21 13 18 7 11 3
September 6 10 13 9 9 6 9 6 4
The sighting rate of harbor porpoise fluctuated around a mean of .32
porpoise per nautical mile (SD = .37) for 1982 - 1990 (Figure 3). Annual means
showed an overall increasing trend between 1982 and 1990 (Figure 4), as did a
linear regression (Figure 5). ANaYA of the regression line had a low
coefficient of determination, R2 = .05, but it was highly significant (P =.0001).
This indicates that year is an important factor in explaining a small
proportion of the variance. Within years, there was an increasing trend in
the mean sighting rates from june to September (Figure 6), representing the
movement of porpoise into the study area in late summer every year.
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Dis cussion
The increasing trend in relative abundance of harbor porpoise from
1982 - 1990 is initially surprising considering the concern in recent years that
the population may be declining due to bycatch. However, given the small
geographic area covered in this study, the trend may represent the
redistribution of animals rather than a large-scale population phenomena. It
is possible that while on a large spatial scale the distribution of harbor
porpoise remain essentially unchanged, on a smaller scale animals
redistribu te in response to environmental factors . Palka (1995 b) explored this
using sighting data from 1991 and 1992. She found that on a small spatial scale
the distribution of animals varied between the years, although on a large scale
the distribution pattern was generally the same for both years. Gaskin and
Watson (1985) and Palka (1994) have suggested that the distribution of harbor
porpoise on a fine scale is likely to be correlated with density of prey species
such as herring.
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To examine this possibility, I compared the relative density of Atlantic
herring (Clupea harengus) in the area of the whalewatch from 1982 - 1990.
The data used was obtained from NMFS. NMFS conducted fish trawl surveys
during a three week period in late April and early May in seven of the nine
years 1982 - 1990. One to three trawls were conducted each survey year at
stations within a 30 mile radius of the whalewatch cruise tracks. Relative
abundance was measured as the number of herring caught per minute towing.
A Spearman test yielded a positive correlation between the relative
abundances of harbor porpoise and herring (r = .96). It is interesting how
similar the graphed abundances are: both harbor porpoise and herring have
a low point in 1984, and peaks in 1988 and 1990 (See Figure 7). Therefore, the
increase in relative abundance of harbor porpoise in the study area may be
related to an increase in Atlantic herring, the porpoise's favorite prey in this
region.
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Figure 7. Relative abundances of harbor porpoise and herring, 1982 - 1990.
Herring are measured in number of fish per minute towing. Harbor porpoise
are measured in number of porpoise sighted per 10 nautical miles. Correlation
coefficient, r = .96 (Spearman).
There is also the possibility that the increasing trend found in my study
is indicative of an increasing population trend for the entire Gulf of Maine
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stock. During the 1980's, the increase in prey availablity (herring stocks) for
harbor porpoise may have compensated for a declining trend in harbor
porpoise abundance. The harbor porpoise population may have declined
through the 1970's, due to an increased level of bycatch in the growing sink
gillnet fishery (Gaskin and Watson 1985). Herring populations were low at
this time. In the 1980's, as the rebounding herring stocks provided an
abundant food source, the population growth rate of the porpoise may have
increased enough to offset the rate of bycatch.
My results corroborate the findings of other studies. Berggren et al.
(1993) reported an increasing trend in the relative abundance of harbor
porpoise in the lower Bay of Fundy from 1981 - 1991. Data were collected from
the 19-mile Grand Manan ferry crossing during August, and a 13-mile transect
surveyed by New England Aquarium between Quoddy Head and Grand Manan
Island.
In 1991, NMFS' large-scale harbor porpoise survey covered the area of
my study (Palka 1995a). My study area falls into two of NMFS' survey blocks
("Block B inshore" and "Block C inshore"). These survey blocks total 300
miles/. NMFS surveyed 150 miles of transect lines in these blocks using a 48-
foot vessel with three observers. The mean sighting rate, weighted by
proportion of trackline surveyed, of "Block B inshore" and "Block C inshore" is
.64 porpoise per nautical mile. It is interesting to note, that compared to my
study, this figure falls within a standard deviation of the nine-year mean and
within a standard deviation (.59) of the 1990 mean (.54).
The increase in sighting rate within a season, from June to September,
repeats the findings of Gaskin and Watson (1985) and Read and Gaskin (1988),
and supports the belief that large numbers of porpoise migrate into the Gulf of
Maine during the late summer.
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CHAPTER 4
CONCLUSION
The relative abundance of harbor porpoise in my study area increased
over the nine-year time period, 1982 - 1990. Annual sighting rate means
south of Mount Desert Island, Maine increased from 0.17 porpoise sighted per
nautical mile in 1984 to 0.54 porpoise sighted per nautical mile in 1990. In
1982, the first year of the survey, the mean was 0.30. This increase is similar
to the results of Berggren et al. (1993), who found an increasing trend in the
relative abundance of harbor porpoise in the lower Bay of Fundy from 1981 -
1991. Earlier studies from the lower Bay of Fundy had reported no trend in
relative abundance from 1981 - 1986 (Read and Gaskin 1988) and a declining
trend from 1970 - 1978 (Gaskin and Watson 1985). These trends may result
from the small scale redistribution of animals, or, they may be representative
of abundance trends of the Gulf of Maine/Bay of Fundy population as a whole.
The fine scale distribution of harbor porpoise may be related to
environmental factors such as prey density (Gaskin and Watson 1985; Palka
1995b). My findings support this. Comparing the relative abundances of
harbor porpoise and Atlantic herring within my study area from 1982 - 1990,
I found a positive correlation (r = .96). The positive correlation indicates that
the increase in relative abundance of harbor porpoise in my study area may
be related to the increase in herring.
In recent years, over 1800 harbor porpoise have been estimated killed
annually incidental to the sink gillnet fisheries in the Gulf of Maine and the
Bay of Fundy (Marine Mammal Commission 1996). Take-reduction measures
instituted in 1994, based on a New England Fishery Management Council
proposal, were unsuccessful. The Council's goal was to reduce the bycatch to
1040 porpoise during the first year (1994) of its take-reduction plan. The
National Marine Fisheries Service (NMFS) estimated the incidental take in
1994 to be 2000 porpoise (D. Palka, pers. comm.). A new take-reduction plan,
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devised by a team of scientists, fishermen, and managers convened under the
auspices of NMFS, is currently underway and shows more promise. Although
a decline in harbor porpoise abundance may not be currently evident, it
seems unlikely that the harbor porpoise population could sustain such a high
level of bycatch.
Roughly 4% of the harbor porpoise population is removed annually by
the fishery (Woodley 1995; Marine Mammal Commission 1995). The annual
harbor porpoise population growth rate is also estimated to be near 4%
(Woodley and Read 1991; Marine Mammal Commission 1996). Since these
figures are estimates and not known values, it is possible that the removal
rate exceeds the growth rate by several percent. The population would
decline as a result.
The ability to detect the effect of the bycatch on the harbor porpoise
population may be confounded by the population's relationship to
environmental factors such as water temperature and prey density. As
mentioned earlier, trends in local relative abundance of harbor porpoise may
be the result of a redistribution of animals in response to the density of
herring. On a larger scale, as the rebounding herring stocks in the 1980's
provided an abundant food source for harbor porpoise, the growth rate of the
porpoise population may have increased enough to offset the rate of bycatch.
If herring populations were to crash, a sharp drop in harbor porpoise
abundance might occur. Perhaps not as many harbor porpoise move into the
Gulf of Maine/Bay of Fundy certain years in response to variations in water
temperature or herring density, thus influencing relative abundance on a
large scale. Forney (1995) theorized that a recent decline in the large scale
relative abundance of harbor porpoise on the west coast may be related to
changes in water temperature and current.
Clearly, we do not yet have a complete understanding of harbor
porpoise population dynamics. Further investigation of the relationship
between the abundance and distribution of harbor porpoise and
environmental conditions such as water temperature and herring density
would be particularly useful. Continued research will provide a greater
knowledge base on which to found management decisions.
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